Water quality is the critical environmental determinant that influences the agricultural production and therefore, the economy that solely depends on its agricultural productions. Batiaghata Upazilla is one of the major crop productive areas of Khulna region and the agricultural production here largely depends on the natural water of the Shailmari River system around it. The present study was conducted to assess the suitability of this coastal river water for irrigational use. 66 water samples were collected during this study in three consecutive agricultural seasons, viz., pre-monsoon (22), monsoon (22) and post-monsoon (22) from 11 sampling stations within the river system considering the high (11) and ebb (11) tides for each station. Standard methods were followed throughout the study period for the collection of the samples and analysis of major physicochemical parameters (pH, EC, TDS, salinity, Na, K, Ca, Mg, Cl, HCO 3 , SO 4 , NO 3 and PO 4 ). Hydrocehmical characterization using Piper trilinear diagram shows that the water of the river system is Na-Cl dominated saline water type in pre-monsoon, whilst most of the samples of the river and the connected channel are characterized as fresh water of Ca-Mg-Na-HCO 3 and Ca-Na-Mg-HCO 3 types in monsoon and post-monsoon respectively. The calculated values of chemical indices like SAR, %Na, KI, PI and MH using the results of the analysed parameters indicate that the river water is chemically unsuitable for use in irrigation during pre-monsoon, while in the monsoon and post-monsoon the river water is within good to permissible limit for the use in the agricultural fields. However, 
Introduction
Being the prime mover of life on earth, water plays a vital role in sustaining the human race, socio-economic development and the endurance of ecosystem from the medieval time [1] . The quantity and quality of water supply system is eminently indispensable for irrigation scheme, as it is considered to be one of cardinal demands and benefactors in world economy [2] . Researches on irrigation water quality and its response on soils and agriculture around the world agree that irrigation water straightly supremacies the quality of soil and the crops grown on that soil [3] - [5] . The escalating demand of agricultural land and products as a function of population growth from the past century has created disparaging situation for water resources, particularly by unplanned and haphazard industrialization and urban sprawl accompanied by diminishing resource over extraction [2] . Besides, salinization of the surface water has emerged as the limiting factor in agriculture that depends on application of irrigation water. Worldwide irrigation and agricultural production is being threatened by salinization phenomena, where around 10 million hectares of agricultural land is lost annually [6] [7] . Consequential stresses have been intricate on the quantity and quality of surface water as a result of over consumption to their capacity and pollution to such level that excludes direct human consumption or even the agricultural irrigation [4] . Elevated concentrations of various ions in irrigation waters either from the interactions within the natural geological formations or from different major anthropological activities (sewage disposal, agricultural application, industrial effluents, etc.) are deteriorating the quality of irrigational water as well as destroying agricultural crops fed by such waters or soil mass [3] [4] [8] . Being an irrigated-agriculture based country, Bangladesh depends on adequate water supply from both groundwater (80.60%) and surface water (19.40%) of usable quality [9] - [11] . Bangladesh possesses around 5,049,785 ha land area under irrigation, which needs intended quality water for safeguarding the growth and yield of crops producing in it [2] [12] . Usually surface water is been trusted by farmers as a prime source of irrigation due to its availability and cost effectiveness for irrigation purposes which has been threatened in many ways additionally with the upward withdrawal of fresh water in upstream in the dry period and subsequent encroachment of saline water towards the inland from the Bay of Bengal during this period [13] [14] . Batiaghata is one of the most populated upazillas of Khulna district and is a major agricultural production area of the south-west coastal part of the country where saline water intrusion is the most severe [15] [16] . Agriculture is well practiced in this area all through the year in different scale. Rice cultivation besides shrimp farming is very commonly seen in this part of the country. A single rice crop is cultivated in wet season by mainly harvesting the rain water as ground water irrigation as a single source of irrigation imposes a persistent threat with possibility of salinity intrusion from coastal rivers into the groundwater [15] - [17] . The situation becomes worse when monsoon precipitation is delayed due to prolonged dry period and it is a matter of issue to choose the secured source of water for irrigation [17] . Therefore, appointing befitting irrigation water source which could guarantee the safe and required amount of crop production throughout the year is of prime concern in this locality. Studies on the water quality of the groundwater and Rupsha-Kazibacha River systems around Batiaghata have already been done, but information regarding the irrigation water quality of the Shailmari River system, which passes through this upazilla and supports the irrigation based agriculture of the area, is vague [11] [16] . A detailed investigation regarding hazard identification and irrigation water quality assessment of Shailmari River could be a very authentic study to support the cramping irrigational pattern of this area and safeguard sustainability of agricultural land for future generation that would serve the local and national economy in turn.
Materials and Methods

Study Area
The present study was conducted on the Shailmari River system which is located in the South-west part of Bangladesh and flows through Btiaghata Upazilla of Khulna. Starting from the Rupsha-Kazibacha River, it flows over Batiaghata and falls into to the Shalta-Bhadra River. The rived is fed by a connected channel carrying was hout from the municipality and is controlled by a regulator constructed near the KoyaGhat to restrict the frequent entry of the tidal water into it aiming to preserve the monsoon fresh water for dry period irrigation. The entire river system is confined between the longitude 89˚31'18.6" and 89˚28'31.9" East and the latitude 22˚44'45.1" and 22˚46'23.8" North ( Figure 1 ). The study area falls under sub-tropical, humid climatic region and experiences hot summer (pre-monsoon) from March to May, while receives heavy precipitation (80% of total annual rainfall) during monsoon lasting from June to September. The post-monsoon (October-November) is characterised by lesser precipitation with tropical cyclonic events in the coastal parts of the country [12] . Ganges deltaic deposits with deltaic silt deposits and mangrove swamp deposits of late Holocene to recent age Figure 1 . Location of the sampling stations in the study area.
formed the surface lithology of the study area [18] [19] . The river basin is highly characterised by extensive agricultural farming, fish farming, livestock, poultry industries, brick manufacturing and other industries. Domestic sewage and wastewater generating from the commercial sites and industries is thrown-off into the river system directly Legend Sluice gate Upazilla Union Sampling stations Upazilla boundary River without pre-treatment. Being the coastal river, River Shailmari and its adjacent channels face diurnal tidal fluctuation that allows sea water mixing with the fresh water flowing the upstream. The complex coastal climatic pattern with the local geologic and anthropogenic structure of the area controls the hydro chemical behaviour of the river system in this coastal region.
Sampling, Preservation, and Preparation
Prior selecting the water sampling sites from a well-studied reconnaissance survey, samples were collected from 11 sampling stations based on the characterizing features of the locations along the river. Coordinates of the sampling stations were extracted in the field by using a GARMIN Geographic Positioning System (GPS) device. Samples were collected from the midstream of the river by using an engine boat and following the guidelines of standard methods [20] . Samples for cationic and anionic analyses were collected in separate 500 ml PET bottles and cationic samples were preserved by adding HCl (to pH ~ 2). Then samples were carried to the laboratory and preserved at 4˚C prior to laboratory analysis [20] [21] . Following the aforesaid procedures samples were collected for three agricultural seasons namely Pre-monsoon (May, 2014), Monsoon (August, 2014) and Post-monsoon (October, 2014) from the similar stations throughout the study period. Tidal cycles were considered carefully and therefore, 22 samples were collected during each sampling seasons considering both of high and low tides for each station. The number of samples in total was 66. The names and numbers of eleven sampling stations with typical scenario and station ID are listed in Table 1 .
In-Situ and Laboratory Measurements
Physical parameters-pH, Dissolved Oxygen (DO), Total Dissolved Solid (TDS), and [20] . Replicate analysis of blank, standards and water samples were performed during the study to achieve the precision and accuracy and kept within ±5%
by repeatative anlysis after calculating the ionic balance errors [23] [24].
Water Quality Indices and Classification Methods
Different water quality parameters like Total Hardness (TH) [25] , TDS classes [26] [27] were used in the study to assess the quality of the water. In agriculture, water quality is an important criterion for the development of a successful and sustainable irrigation scheme. In order to assess the suitability of the river water for irrigation use, various parameters like percentage of sodium (Na%), sodium absorption ratio (SAR), residual sodium carbonate (RSC), permeability index (P.I.), Kelly's index (KI), Magnesium Hazard (MH) were used in the study using the mentioned equations in Table 2 [11] [28] [29]. Na% is a measure of salinity hazard in water and together with EC is useful in classifying the irrigation water [5] . SAR expresses the sodium or alkali hazard in irrigation water and quantifies the relative proportions of sodium to calcium and magnesium [4] . The amount of bicarbonate and carbonate in excess of alkaline earth metals (Ca and Mg) also affects the irrigation water quality and is quantified by calculating the residual sodium carbonate (RSC) content of the water [30] . Permeability of the soil depends also on the quality of the irrigation water and permeability index (PI) classifies 
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*For 1, all cations and anions are expressed in mg/l and for 2 -7, all are in meq/l.
the water based on concentrations of sodium, calcium, magnesium and bicarbonate in the water to assess its suitability for irrigation use [29] [31] . KI is a measure of classification of the water for irrigation and sodium is measured against calcium and magnesium to calculate this parameter [5] . The excess of magnesium concentration in water is harmful for soil and affects plant growth. MH is used to evaluate the quality of the water based on the quantity of magnesium in the irrigation water [5] [29] . Graphical methods related to water quality classifications were used in this study to further evaluate the irrigation water quality of the river system. Piper diagram was applied to find the water classes and its dominating ions in different seasons and stations [32] . Wilcox diagram and U.S Salinity Laboratory (USSL) classifications diagram were also applied to find the seasonal variability and suitability of the river water for irrigation [8] [33].
Results and Discussion
General Hydrochemistry and Hydrochemicalfacies
The results showed wide hydrochemical variation among the seasons throughout the study period. Summary of the hydrochemistry of the river water are incorporated in Table 3 . Large variation in elemental concentration of a parameter might affect the mean values of the single parameter. Therefore, median was also incorporated in the during the study period. TDS and Salinity followed the similar trend of EC and showed similar tidal variation during the study. The tidal distribution of the pH was likely 7.60 ± 0.04 and 7.61 ± 0.06, 7.85 ± 0.04 and 7.89 ± 0.03, and 7.63 ± 0.03 and 7.71 ± 0.07 respectively in pre-monsoon, monsoon and post-monsoon in their respective high and low tides which indicates that the river is alkaline in nature. The maximum alkalinity in monsoon might be due to the increased weathering input into the river that carries more alkali earth metals and thus contribute to increase the alkalinity of the river water [22] . The concentrations of DO were observed (4.61 ± 0.58) mg/l and (5.08 ± 0.73) mg/l, in average, during the high and low tides of the river in pre-monsoon. In monsoon, DO was found maximum in concentration (mg/l) in the river and the average concentrations were (5.82 ± 0.42) mg/l and (5.58 ± 1.02) mg/l in the corresponding high and low tides. The average concentrations were (3.04 ± 0.56) mg/l and (3.37 ± 0.89) mg/l respectively during the high and low tides in post-monsoon which were observed lowest among the three sampling seasons within the river system during the study period. The observed average concentrations of Na + in pre-monsoon were 
Suitability for Irrigation
On irrigated agricultural lands, salinization is one of bountiful inauspicious environmental and human induced impacts that persuade loss of production in gigantic scale.
Salinization critically limits the choice of crops, deleteriously affect crop germination and yields and can provoke soils to be inappropriate to work. It is important that all appraisal regarding irrigation water quality to be linked with the evaluation of soils to be irrigated [3] . The suitability of river water samples for irrigation use is governed by the mineral constituent present in the water. The major physico-chemical parameters, which determine the suitability of river water for irrigation are pH, EC, TDS, hardness, chloride, sulfate, carbonate, bicarbonate, nitrate, sodium, potassium, calcium, magnesium, etc. Silica, iron and boron are usually present in very minor amounts and are determined in specific circumstances, for example use of industrial waste for irrigation [45] . In assessing the suitability of waters for irrigation use, water quality characteristics that affect agricultural production need to be evaluated. Irrigational suitability of the Shailmari River and its connected channel was evaluated by calculating EC, SAR, RSC, KI, PI, MH, USSL classification, Na%, and Wilcox diagram. Usual and calculated parameters related to the use in irrigation are incorporated in Table 4 for 11 different stations of pre-monsoon, monsoon and post-monsoon seasons.
Electrical Conductivity (EC) is an expression of the concentration of total soluble salts in the irrigation water which is widely used for the diagnosis and classification of the water in terms of suitability for irrigation [44] . Water with EC values lower than 750 μS/cm is assumed to be "satisfactory" for use in irrigation, while values more than 3000 μS/cm makes it "unsuitable" for irrigation [45] . In the present study, according to the classification, river water is "unsuitable" for use in irrigation during pre-monsoon.
In monsoon all of the samples ranges between "excellent" to "permissible" category for both of high tides and low tides, while in post-monsoon the samples are within "excellent" to "good" categories for each tides (Table 5) . Total dissolved solids represents the amount of dissolved ions, minerals and other dissolved components in water and is simultaneously used with EC as an indicative of saline content of the water in absence of non-ionic dissolved constituents [46] . According to the classification described by Ayers and Westcot [3] , river water in pre-monsoon is categorized as "unsuitable" for use in irrigation. In monsoon and post-monsoon the river water is within "good" to "permissible" categories which ensures their suitability for irrigation in the respective seasons ( Table 5 ). The direct effect of high saline water (high EC) on the crops are growth rate reduction, lower yields of rice or symptoms indicating nutritional disorders under specific condition [47] . Soil degradation may also occur due to unplanned and long-term use of river water with high values of EC which may lead to crop failure in the vicinity of the irrigation area [11] [44] .
If the gross level of carbonate and bicarbonate overshoots the outright amount of calcium and magnesium then water quality would be depreciated. This remnant carbo- 
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40 -60 Permissible S9HT-S11HT S9L-S11LT S8HT-S11HT S8L-S11LT nate is noted as "residual sodium carbonate" (RSC) and has been suggested by Richards [34] and Raghunath [46] both. High RSC water has high pH and if lands been irrigated with this, might cause serious infertility including accumulation of sodium carbonate which turns soil black colored [47] . Further, ongoing usage of high residual sodium carbonate waters affects crop yields. The calculated RSC value was compared with the quality classification of river water in Table 5 . In the present study, irrespective to the temporal and spatial variation, all the samples have RSC values much less than 1.25 meq/l, which reveals that all samples are of "safe" quality categories for irrigation throughout the seasons. Thereafter, the value of RSC is negative in all sampling seasons at its respective stations, indicating that there is no complete precipitation of calcium and magnesium within the river system [48] .
Another limiting parameter to cognize water suitability for irrigation is sodium concentration as it can reduce the soil permeability as well as soil structure [49] - [51] . Lowsodium water could be applied for irrigation on nearly all type of soil with a little risk of developing harmful exchangeable sodium levels whereas, medium-sodium water represents a seizable sodium hazard in certain fine-textured soils, especially poorly leached soils. However, water with high-sodium content would leave significant amount of exchangeable sodium in any type of soil leading to severe soil degradation which made using this type water most difficult in the irrigation field with special soil management practice like well drainage system or use of organic matters in the field etc. [52] . In all natural waters, percent of sodium content is a common parameter to assess its suitability for agricultural purposes and at an utmost 60% sodium concentrated river water is permissible for agricultural purposes [8] [48] [51] . In the present study, values of %Na of all samples varying from 83.72 to 88.39 (Table 4 ) in the premonsoon which indicate that the river water is "unsuitable" for use in the agricultural fields. In monsoon, 72.72% of both of high and low tidal water samples were within the "good" category whereas only 63.63% represents "good" category for the post-monsoon water samples (Table 5) . Again, 27.27% of monsoon and 36.36% of the post-monsoon water samples fall within the "permissible" category. This implies that, from monsoon to post-monsoon the water of the river system lies within "good" to "permissible" categories and is, therefore, suitable for uses in the agricultural fields. The higher %Na in the pre-monsoon water than in the monsoon and post-monsoon water is may be due to the input of sodium ion from increased sea water mixing in the pre-monsoon when the fresh water flow from the upstream as well as the seasonal rainfall in this part of the country remains also low [13] [53].
Together with EC, sodium adsorption ratio (SAR) is assessed to evaluate the potential infiltration problems in soils. SAR expresses the relative activity of sodium ions in exchange reactions with soil and is a measure of assessing the suitability of water for irrigation with respect to the salinity or sodium hazard [29] [48] [52] . Soil dispersion and structural damages might be occurred due to the presence of excess sodium ions in ir- (Table 5) .
Chloride is present in all natural water and is an essential plant nutrient, but excess indices are visible between the river and its adjacent channel as samples of the connected channel in monsoon (S9HT-S11HT; S9LT-S11LT) and post-monsoon (S8HT-S11HT and S8LT-S11LT) exceed the permissible limit of 1.0 (Table 4) indicating that water of this regulated channel is "unsuitable" for use in agricultural activities during these season.
Evaluation of Irrigation Water Quality with Respect to Different Standards
The water quality parameters of Shailmari River and its connected channel were compared with the standards set by the Department of Environment (DoE), Bangladesh [56] and also with the usual range of irrigation water quality parameters founded by FAO [3] . The results of the evaluation are incorporate in Table 6 and it shows that, in [3] . Therefore, it can be assumed that the river water becomes usable for crop irrigation during these two agricultural seasons. 
Water Quality Evaluation from Graphical Representation
The US Salinity Laboratory Staff (USSL) diagram, also known as SAR-Conductivity plot diagram is a widely used graphical method to classify and evaluate the water quality of riverfor irrigation purpose. The diagram reflects the integrated effect of EC and SAR, plotting EC (as salinity hazard) against SAR (as alkalinity hazard) [29] [57]. The USSL diagram (Figure 4 ) of the present study shows that, about 100% of the river water samples in pre-monsoon lie in the class of C4-S4 indicating very high salinity-very high sodium hazard water. Very high sodium water with high EC affects the plant growth directly by limiting the water and nutrient capacity and also affect the soil structure that leads to soil degradation [49] [58] . Therefore, the water of the Shailmari River and adjacent channel in the pre-monsoon is regarded as unsuitable for irrigation which restricts the use of the river water for irrigation during this season [52] . Most of the samples of monsoon and post-monsoon, fall within the classes of C1-S1 (low salinity with low sodium) and C2-S1 (medium salinity with low sodium), which indicates Figure 4 . US salinity laboratorydiagram for classification of irrigation waters (after .
that water can be used for irrigating the crops in most of the soils with very less danger [30] . A small number of samples of monsoon (9%) fall into the C3-S1 (high salinity with low sodium) class, while 13.64% of monsoon and 9% of post-monsoon samples lie within the class of C3-S2 (high salinity with medium sodium). High salinity affects the plant growth, while medium sodium water pose sodium hazard in fine-textured soils.
Therefore, use of high saline water is quite unsuitable for crop irrigation or could be used with special soil management practices during irrigation [52] .
Wilcox diagram was also used to investigate the suitability of the water for irrigation by plotting the sodium percentage (%Na) against electrical conductivity (EC) [8] . and "good to permissible" classes whereas 9.1% of monsoon and 31.8% of post-monsoon water samples fall into the "permissible to doubtful" class. Therefore, it can be speculated that the water of the river system can be used for irrigation in most cases without prior special soil management practices during monsoon and post-monsoon.
However, the water becomes highly saline with maximum load of sodium ions during pre-monsoon which restricts the use of river water for irrigation in this season. This also infers the necessity of replacing the irrigation system with harvested rainwater or use of treated wastewater as irrigation water in the crop fields as groundwater is prone to saline and fresh water is scarce in this region during this dry season (pre-monsoon), while over extraction of deep aquifer water for irrigation might make this resource more vulnerable. Besides, development and cultivation of saline tolerant varieties of different crops with good soil drainage and management practices would give a better solution to this problem of the study area during the dry pre-monsoon period.
Conclusion
The results of the study on the irrigation water quality of the Shailmari River and its adjacent channel clearly demonstrate that the hydrochemistry of the river system is highly variable to the seasonal changes and therefore, the water quality also. In premonsoon, the river water is highly concentrated with major ions that exhibit high salinity (high EC PO − in the consecutive sampling seasons. During pre-monsoon, the river water is Na-Cl type, while in monsoon and post-monsoon Figure 5 . Plot of sodium percentage versus electrical conductivity for classification of Shailmari River water (after Wilcox, 1948) .
the water becomes Ca-Mg-Na-HCO 3 and Ca-Na-Mg-HCO 3 type, respectively, showing temporary hardness. Irrigational suitability of the river water in terms of calculated values of SAR, %Na, RSC, PI, KI and MH together with TDS, NO 3 -N and pH classes was assessed for the three sampling seasons which restricted the use of the river water for irrigation in pre-monsoon. The values were found within the limits of suitability for irrigating the crops during rest of the two agricultural seasons. However, higher KI and MH values with high salinity make it doubtful to use the channel water even in the monsoon and post-monsoon seasons. USSL and Wilcox diagrams were applied to verify the results and found the river water unsuitable for use in pre-monsoon, complying with the results extracted from the calculated parameters for this and also other studied seasons. This river system supports the regional agricultural production of this area and plays a pivotal role in the livelihood of a large number of people dependent on the agricultural production. Use of high saline and sodic water in the early monsoon might deteriorate the soil fertility and the agricultural production in the long run. Besides, domestic and industrial waste and wastewater discharges adversely affect the water chemistry of the river system that in turn degrades the irrigation water quality, posing a potential menace to the agricultural communities. Therefore, from the study it could be concluded that proper water management strategies with inclusion of long-term river water quality monitoring, awareness building against waste dumping, finding alternative sources and efficient methods for irrigation would ensure the sustainable agricultural production of this locality and this study would be the basis of future studies for such purposes.
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